In the modern medicines the novel and active molecules are essential to act against various diseases and increase the needs day by day due to population increase. In view of that, we attempt to make a variety of synthetic molecules against inflammation by a new and popular greener microwave assisted and faster method such as Microwave Enhanced Chemistry assisted Vilsmeier Haack Synthesis (MEC-VHS). In this paper, we report the synthesis of nitro-dinitro-and acetyl-derivatives of 3-formyl, 7-flavonols using MEC-VHS techniques against inflammation as anti-inflammatory agent. These derivatives were synthesized via pinkish formylation complex of dimethyl formamide and phosphorous oxychloride by microwave irradiation resulted as suspension by base. The re-crystallized products were characterized through Co-TLC, ?max, IR, HPTLC, 1HNMR, CHN analysis and mass spectral studies. The HPTLC finger print profiles obtained were of with a prominent single peak and with a matching Rf values compared to that obtained by an ordinary Co-TLC technique. All the synthesized compounds were screened for their anti-inflammatory activity by in vitro protein denaturation method and in vivo carrageenan induced paw oedema method and it was found that all the compounds excepting the un-substituted 3-formyl, 7-flavonols gave an equi-or more potent activity as compared to that of the standard.
derivatives are common type of flavone derivatives, among which hydroxy, methoxy derivatives are more frequently synthesized derivatives 3 . Flavonol, present in a wide variety of fruits and vegetables, is reported as one of the non-competitive inhibitors of cytochrome P 450. In recent years, the flavonoids have grasped the full attention of a few groups of synthetic chemists owing to the challenge they face in synthesizing, purifying and characterizing them in laboratories 3 . Flavonoids were present in present in most of the natural sources as essential components and also the isolation of such molecule from natural source are very difficult and cost effective manner. Thus, no possibility for easy dependence of theses flavan's family of compounds as starting material or as intermediates in the organic syntheses 4 .
Aromatic formylation via electrophilic aromatic substitution reaction includes Dimethylformamide and phosphorus oxychloride in the Vilsmeier-Haack reaction; Hexamine 5 in the Duff reaction and the Sommelet reaction; Carbon monoxide and hydrochloric acid in the Gattermann-Koch reaction 6 ; Anionic cyanides in the Gattermann aldehyde synthesis; Chloroform in the Reimer-Tiemann reaction; Dichloromethyl methyl ether in Rieche formylation 7 . Hence of all the above said formylation procedures, Vilsmeier reaction 9 using dimethyl formamide and phosphorous oxychloride was used for the formylation of ð-excessive heteroaromatic systems like thiophene, furan and chromene of our interest.
Therefore, we plan to address the key problems that are encountered by the medicinal chemists in academician as well as in industries to synthesis 3-formyl, 7-flavonols by aromatic formulation through microwave assisted organic synthesis (MAOS). MAOS are well advanced method with numerous advantages such as faster processing time, improved yield and quality, direct extraction capacity, lower energy consumption, reduced solvent levels, reaction rate acceleration used even in milder reaction conditions, lower energy usage and different reaction selectivity 10 .
Since the synthetic chemistry community has been under increased pressure to produce in an environmentally benign fashion 11 , outdating the too slow magnitude traditional methods called as "Bunsen Burner of 21 st century" of aromatic formylation, we thus plan to avail the wonderful Microwave technology for the synthesis of 3-formyl, 7-flavonols 12 . In combination with digital scanning profiling, HPTLC provides accurate and precise R f values of the fractions with peak values and chromatogram 13 . Since, the HPTLC fingerprint profiles for 3-formyl, 7-flavonols have not been reported in literature and thus the same has been planned to be developed in the present work for the confirmation of R f data with that obtained by TLC method, in order to standardize them as official medicinal compounds 14 .
Inflammations are a tissue reaction by infection, irritation and through foreign substances. Aging is also considered to be an inflammatory response 15 . Even though human endogenous anti-oxidants antagonize the oxidants and free radicals, sometimes, they are not sufficient to neutralize these reactive species. Some of the literatures 16 strongly quote the increased type nitric acid production plays an important role in inflammatory diseases like arthritis, bronchial asthma and ulcerative colitis. This inspiring point led us to emphasize the importance of the mono-diand tri-nitro derivatives of synthesized 3-formyl, 7-flavonols for testing their anti-inflammatory capabilities 17 . Among the many methods used for screening, one of the most commonly employed techniques is based upon the ability of such agent to inhibit the oedema produced in the hind paw of rat after injection phlogiston agent. Many phlogiston agents are used such as dextrin, carrageenan, egg albumin, formaldehyde etc.
From the detailed literature review, since no work has been carried on the formylation of 7-flavonol, and thence their anti-inflammatory activities, we therefore plan to focus our interests in working on this area and thus plan to synthesize a small collection of 3-formyl, 7-flavonol derivatives using a microwave assisted synthesis to identify their presence using HPTLC method and to explore their anti-inflammatory activity by i) protein denaturation method and ii) albumin induced rat paw oedema method so as to add value to the formyl flavonols' traditional claim.
MATERIALS AND METHODS

Chemicals and Instruments
All chemicals and solvents used were General procedure for the preparation of 3-formyl, 7-flavonol derivatives (Ia-i) by microwave technique 18 In a 500 ml beaker, the freshly distilled dimethylformamide (0.16 mol) was taken and pre cooled in an ice-salt bath for about 15 minutes. To that, added the freshly distilled phosphorus oxychloride (0.14 mol) for another 15 minutes. A solution of 7-flavonols (0.12 mol) in dichloromethane (3 ml) was added to the pinkish formylation complex. The resulted yellow solution was stirred at a temperature not exceeding 10° for next 30 minutes.
A refitted microwave oven was used in our laboratory with the addition of a magnetic stirrer, thermometer and water condenser for automatic chemosynthetic procedures. Another beaker containing 200 ml of water was placed next to the reaction vessel to serve as a 'heating sink'. The viscous solution was then irradiated for one minute in a bench mate microwave synthesizer to bring up the temperature to 35 °C. To maintain the same temperature for another half an hour, the syrup was discontinuously irradiated at half a minute interval so as to obtain an opaque, paste form from a clear solution. Crushed ice was added to that to get a cherry-red aqueous solution. One third of the solution of an aqueous base, sodium hydroxide (12.4 g) in distilled water was added to above solution which was kept in crushed ice, in drop wise first and the remaining quantities were added more rapidly with vigorous stirring. The resulting suspension was irradiated rapidly to the boiling point, cooled immediately and was placed in a refrigerator overnight. Most of the inorganic material dissolved on re suspension of the crude residue in distilled water. The pure product was obtained by re-crystallization from methanol. The products (Ia-i) were confirmed by Co-TLC technique. UV spectra of compounds (20 ìg / ml) were recorded using spectral grade distilled water. The infrared spectral study was done by KBr disc method (0.5-1.0 mg). All the compounds were synthesized in high yields and sufficient purity. 
HPTLC Finger Print profiles
Anti-inflammatory activity Animal Selection and Acclimatization
Wistar Albino rats (150-200 gm) of either sex were procured from Amrita Institute, Kerala. The experimental protocol was initially approved from the Institutional animal ethical committee under the reference No. KU/IAEC/Ph.D/065. The animals were maintained in department of animal house of our college for 7 days. They were housed in polypropylene cages and were fed with standard rodent pellet diet (Baramati Agro Ltd.,) and water ad libitum. The conditions of room temperature 21-25 ºC and relative humidity 50-60 % were maintained. They were exposed to alternate cycle of 12 hrs of darkness and 12 hrs light. The animals were fasted over night for at least 12 hrs. The standard oral feeding tubes and syringes were used for drug administration.
Acute toxicity studies-OECD 423 guidelines
Acute toxicity studies were carried out as per OECD guideline 423. The drugs in CMC suspension were administered orally. The animals were fasted overnight prior to the experimental procedure. The animals were observed individually after dosing at least once during the first 30 mins, periodically during the first 24 hrs, with special attention given during the first 4 hrs, and daily thereafter, for 14 days.
In vitro anti-inflammatory activity by Protein Denaturation Method
The egg white was separated from the whole egg. The solvent control (distilled water), standard (Diclofenac sodium, 500 µg/ml) and test samples (500 µg/ml) each 1 ml were added to egg albumin (1 ml, 1 mM) in separate sample test tubes. Denaturation of albumin was induced by keeping the reaction mixture at 70 ºC in water bath for 10 minutes. After cooling the supernatant, the turbidity was measured at 660 nm in spectrophotometer 21 
Experimental Procedure
Wistar rats (both sexes) were weighed and numbered. A mark was made on both the hind paws, just beyond tibio-tarsal junction. The initial paw volume of right & left hind paw of each rat was noted by mercury displacement method.
The experimental animals were divided into 5 groups; each group consisted of 6 animals. Group I received the vehicle of 1 ml, Group II received the standard of Indomethacin of 1 ml and Group III-VIII received the test samples by oral route 22 . After 30 minutes of the oral administration of the standard and test samples, injected subcutaneously 0.1 ml of carrageenan in the planter region of the left paw of all 7 groups by keeping the right paw as reference. The paw volume of both hind legs of . 2 . Anti-inflammatory activity of 3-formyl, 7-flavonols by protein denaturation method all the groups were measured plethysmometrically at1, 2, 3, 4, 6, 12 and 24 hrs after the challenge of carrageenan. The results were tabulated in Table-9 and Figure -6 .
Statistical analysis
Statistical analysis was carried out employing Analysis of Variance (ANOVA) and Dunnett's multiple comparison tests.
RESULTS AND DISCUSSION
The synthesized compounds are thoroughly characterized by physical, chemical and spectroscopic data. The compounds of different 3-formyl, 7-flavonol derivatives (IIa-i) were synthesized from different 7-flavonols (Ia-i), dimethyl formamide and phosphorous oxychloride by using a valid technique Microwave Enhanced 
Characterization of compound Ie: 3-formyl, 4',6dintro, 7-hydroxy flavonol
Duration of microwave irradiation 2'00 s; MF: C 16 
Characterization of compound If: 6-acetyl, 3-formyl, 4'-nitro, 7-hydroxy flavonol
Duration of microwave irradiation 2'00 s; MF: C 18 H 11 NO 7 ; MW: 322; % yield: 75; Mp 115 ºC; R f data 0.66; ëmax 218 nm; IR(Nujol) 3600-2600 cm -1 , OH stretching; 3250-2500 cm -1 OH stretching (Intra molecular with C=O, NO 2 etc.,) ; 2900-2695 cm -1 C-H stretching, aldehydes; 1639 cm -1 , C=C-C=O stretching, ketones1600 cm -1 C-C stretching, benzene nucleus; 1550-1510 cm -1 -NO 2 asymmetric stretching & aromatic nitro group; 1435-1405 cm -1 , CH 2 -C=O, acyclic; 1320-1210 cm -1 egg white test due to sensitivity by orally active anti-inflammatory agents particularly in the acute phase of inflammation. The nitro derivatives of the test compounds (500 µg/ml) showed significant inhibition of protein denaturation of egg albumin (91 %), whereas the standard Diclofenac sodium showed 93 % inhibition compared with the control. Maximum inhibition was observed with nitro derivatives (91 %).
The carrageenan induced paw oedema method in rats was used to comparatively evaluate the anti-inflammatory activity of 3-formyl, 7-flavonol derivatives. The results revealed that the all synthesized flavonols and its derivatives have shown anti inflammatory activity (*P<0.05, **P<0.01 and ***P<0.001) when compared to control and positive control group. The dinitro derivatives say, 3'4'-dinitro, 7-flavonol and 6, 4'-dinitro, 7-flavonol have expressed (**P<0.05) and (***P<0.001) reduction in paw volume as that of the standard Indomethacin the second and third hours respectively. In next level, the trinitro-and mononitro-derivatives, say, 3-formyl, 4'-nitro, 7-flavonol and 3-formyl, 6, 3'4'-trinitro, 7-flavonol started showing a good anti-inflammatory activity at third hr (***P<0.001); The 6-acetyl, 4'-nitro, 7flavonol and 6-acetyl, 3'4'-dinitro 7-flavonol were shown moderate reduction in paw volume when compared each other groups at second hr. The anti inflammatory action when compared for next 24 hrs in the above specified same manner, it was overall found that dinitro-, then trinitro-& mononitroderivatives of 3-formyl, 7-flavonols worked well as equi-or more potent as that of the standard Indomethacin. The anti-inflammatory activity study was satisfactory as it gave a significant in reduction of paw volume.
The comparison of the factors time and yield for the current compounds can thus be well imagined as most favorable when compared to the general formylation procedure of the other compounds, as there is no specific formylation reactions reported for any synthetic flavnoids or for flavonols too. Thus, the present method provides i) a new approach for the synthesis of 3-formyl, 7-flavonols and ii) the high yield of the same in the shorter duration. The proposed HPTLC fingerprint method combined with digital scanning profiling was used for standardization of 3-formyl, 7-flavonol derivatives.
CONCLUSION
Finally we concluded that, synthesized 10 series of molecules by Microwave Enhanced Chemistry assisted Vilsmeier Haack Synthesis with 3-formyl, 7-flavonols as mother molecule. Among the synthesized compounds, 3-formyl, 3'4'-dinitro, 6-acetyl, 7-flavonol (Ii); 3-formyl, 4'-nitro, 7-flavonol (Id); 3-formyl, 3'4',-dintro, 7-flavonol (Ig) and 3-formyl, 3'4'6,-trinitro, 7-flavonol (Ih) were found to be possessing high anti-inflammatory potential. These derivatives may use as anti-inflammatory agents in future. Further pharmacological investigations needs to prove the effectiveness of the derivatives.
